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Objective: We performed a retrospective observational study to demonstrate the surgical 
risks and long-term prognoses of intramedullary tumors in Japan using a multicenter regis-
try authorized by the Neurospinal Society of Japan.
Methods: Data from 1,033 consecutive patients with intramedullary tumors, treated be-
tween 2009 and 2020, were collected from 58 centers. Patients with spinal lipomas or myxo-
papillary ependymomas were excluded. Patient characteristics, clinical presentations, im-
aging characteristics, treatments, and outcomes were analyzed. The modified McCormick 
scale was used to classify functional status. Survival was described using Kaplan-Meier curves, 
and multivariable logistic regression analyses were performed.
Results: The mean age of the patients was 48.4 years. Data of 361 ependymomas, 196 he-
mangioblastomas, 168 astrocytic tumors, 160 cavernous malformations, and the remain-
ing 126 cases including subependymomas, metastases, schwannomas, capillary hemangio-
mas, and intravascular B-cell lymphomas were analyzed. Twenty-two patients were undi-
agnosed. The mean follow-up duration was 46.1 ± 38.5 months. Gross total tumor removal 
was achieved in 672 tumors (65.1%). On the modified McCormick scale, 234 patients (22.7%) 
had worse postoperative grades at the time of discharge. However, neurological status grad-
ually improved. At 6 months postoperatively, 251 (27.5%), 500 (54.9%), and 160 patients 
(17.6%) had improved, unchanged, and worsened grades, respectively. Preoperative func-
tional status, gross total tumor removal, and histopathological type were significantly asso-
ciated with mortality and functional outcomes.
Conclusion: Our findings demonstrate better postoperative functional outcomes in patients 
with fewer preoperative neurological deficits. Degree of resection, postoperative treatments, 
and prognoses are closely related to the histology of intramedullary tumors.

Keywords: Intramedullary tumors, Astrocytoma, Ependymoma, Cavernous angioma, He-
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INTRODUCTION

Intramedullary spinal cord tumors are rare. However, they 
significantly affect patients’ daily life by causing neurological 
dysfunction and mortality.1-3 When treating patients with intra-
medullary tumors, referring to standardized treatment proto-
cols would be ideal in order to decide when and how to perform 
surgical interventions. However, such protocols are available 
but scarce,4,5 as planning prospective randomized studies have 
been difficult because of the rarity and varied clinical courses of 
these tumors.

Thus, this study aimed to present the clinical course and sur-
gical outcomes of intramedullary tumors by analyzing the avail-
able data from Japanese neurosurgical centers. Here, we devel-
oped a multicenter registry of intramedullary tumors autho-
rized by the Neurospinal Society of Japan. In addition to the 
epidemiological and clinical characteristics, we determined the 
factors associated with improved survival and functional out-
comes.

MATERIALS AND METHODS

1. Ethics
This was a multicenter cohort study authorized by the Neu-

rospinal Society of Japan. The study protocol was approved by 
the Institutional Review Board of Tohoku University Hospital 
(2021-1-130) and the participating centers. As this was a retro-
spective and noninvasive study, the requirement for written in-
formed consent from patients was waived. Instead, a public no-
tice that provided information on this study was given on indi-
vidual center websites.

2. Patient Selection
The inclusion criterion was consecutive patients with intra-

medullary spinal cord tumors treated surgically at 58 centers 
between 2009 and 2020. The exclusion criteria were patients 
with the spinal lipoma or the myxopapillary ependymoma. Pa-
tients who underwent their first surgery at different hospitals or 
before 2008 were also excluded.

3. Baseline Characteristics
Clinical characteristics including age, sex, height, weight, past 

medical history (including neurofibromatosis, von Hippel-Lindau 
disease, and brain tumors), clinical presentations, and duration 
of the disease were anonymously extracted from the patients’ 
medical records. Modified McCormick scales6 (grade I, normal 

gait; grade II, mild gait disturbance not requiring support; grade 
III, gait with support; grade IV, assistance required; and grade V, 
wheelchair needed) were periodically analyzed, allowing com-
parisons between the preoperative and postoperative status. 
Specifically, the grades at discharge and 6 months postopera-
tively were compared to those before surgery. Radiological data 
were collected from preoperative and postoperative images, in-
cluding lesion level, lesion length, magnetic resonance imaging 
(MRI), and computed tomography findings. From the surgical 
records, surgical approaches, degree of excision, operative time, 
blood loss, and complications were assessed. The surgeons’ years 
of experience and certification status in the Neurospinal Society 
of Japan were also reported from each facility. Pathological di-
agnoses and immunohistochemical markers were extracted 
from the pathological records. Information was also recorded 
on the postoperative clinical course, including adjuvant radio-
chemotherapy, presence of recurrence and dissemination, and 
treatment modalities for recurrence.

4. Functional and Performance Grades
Using the modified McCormick scale, when a patient remained 

at the same grade, we termed the pattern “stable.” Changes of at 
least one level when compared to the preoperative status were 
described as “improved” or “worsened” as appropriate.

5. Statistical Analysis
All data were analyzed for completeness and accuracy, and 

anonymized prior to being scrutinized. The survival period, 
defined as the number of months from surgery to death, was 
censored at the last available follow-up or cutoff study date (De-
cember 31, 2020) for those who were still alive. Kaplan-Meier 
curves were created to estimate overall survival for the entire 
cohort as well as survival in subgroups classified based on his-
tological diagnosis. Risk factors for mortality and factors indi-
cating better functional outcomes were identified using multi-
variable logistic regression analyses across different demograph-
ic characteristics, tumor types, and surgical interventions after 
controlling for potential confounders. The effects are presented 
as odds ratios with associated 95% confidence intervals. The 
multivariable models were adjusted for all included factors. Each 
preliminary model was then entered into the final logistic re-
gression model. Goodness of fit was assessed using the Hosmer-
Lemeshow test. Statistical analyses were performed using IBM 
SPSS Statistics ver. 26.0 (IBM Co., Armonk, NY, USA).
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RESULTS

1. Patient Demographics
In total, 1,033 individual cases were identified. The mean age 

of the patients at the time of surgery was 48.4 years (range, 0–88 
years). Patient demographics are summarized in Table 1. Of the 
cases, 560 were men (54.2%), and 473 were women (45.8%), in-
dicating a slight male predominance. A clinical diagnosis of neu-
rofibromatosis type 1 was present in 6 cases (0.6%), and neuro-
fibromatosis type 2 was present in 16 cases (1.6%). Seventy-four 
patients (7.1%) were diagnosed with von Hippel-Lindau dis-
ease. The mean duration of symptoms was 22.8 months, with 
limb paresthesia being the most common presenting symptom 
(85.1%), followed by weakness (66.2%), and gait disturbance 
(57.2%). The patients also presented with head, neck, or back 
pain (41.2%), limb pain (40.9%), or bladder and/or bowel dis-
turbances (33.0%).

The tumors were distributed across the following spinal lev-
els (Table 2): 465 cervical (44.9%), cervical and thoracic (127% 
and 12.4%, respectively), 333 thoracic (32.2%), and thoracic and 
lumbar (108% and 10.5%, respectively). Based on MRI findings, 
the tumors were classified as cystic (8.2%), solid (50.1%), mixed 
(25.6%), or hemorrhagic (15.1%). The tumor size was measured 

based on sagittal images. The average tumor length was 39.1 mm. 
Concomitant brain tumors were observed in 130 cases (12.5%).

2. Histopathology and Tumor Characteristics
Among the 1,033 intramedullary spinal cord tumor cases, 

361 were ependymomas, 196 were hemangioblastomas, 168 
were astrocytic tumors, and 160 were cavernous malformations. 
The remaining 126 cases comprised subependymomas, metas-
tases, capillary hemangiomas, lymphomas, and schwannomas 
(Table 3). Twenty-two cases remained undiagnosed, even after 
histological evaluation.

3. Surgical Treatment
As demonstrated in Table 4, surgery was performed via the 

posterior approach in almost all cases (1,023 operations, 99.0%). 
Ten surgeries (1.0%) were performed anteriorly. Most surgeons 
(94.5%) had >  10 years of experience. In 88.3% of the cases, the 
main operators were certified spine surgeons of the Neurospi-
nal Society of Japan. The mean operative time was 399.9± 173.2 
minutes. The mean blood loss was 186.0± 247.0 mL. Overall, 
65.1% of the cases were treated with gross total resection, while 
13.0% and 14.1% of the lesions received subtotal and partial re-
moval, respectively. Biopsy was performed in 7.8% of the cases 
to confirm the histological diagnosis. The frequency of total re-
section varied among different histological subtypes. For exam-
ple, 91.8% of hemangioblastomas were completely removed, 

Table 2. Tumor characteristics of the 1,033 cases of the intra-
medullary spinal cord tumors

Characteristic Value

Tumor levels

   Cervical 465 (44.9)

   Cervical and thoracic 127 (12.4)

   Thoracic 333 (32.2)

   Thoracic and lumbar 108 (10.5)

Tumor characteristics

   Cystic 85 (8.2)

   Solid 518 (50.1)

   Mixed 265 (25.6)

   Hemorrhagic 156 (15.1)

   Unclassified 9 (0.9)

Tumor length 39.1 (3–500)

Intracranial tumors, concomitant 130 cases

Values are presented as number (%) or mean (range) unless otherwise 
indicated.

Table 1. Summary of patient demographics among 1,033 cas-
es of the intramedullary spinal cord tumors

Variable Value

Age on admission (yr) 48.4 (0–88)

Sex

   Men 560 (54.2)

   Women 473 (45.8)

Cases with hereditary disease

   Neurofibromatosis, type 1 6 (0.6)

   Neurofibromatosis, type 2 16 (1.6)

   von Hippel-Lindau disease 74 (7.1)

Mean duration of the symptoms (mo) 22.8

Clinical presentations

   Head, neck or back pain 426 (41.2)

   Limb pain 424 (40.9)

   Limb paresthesia 882 (85.1)

   Limb weakness 686 (66.2)

   Gait disturbance 593 (57.2)

   Bladder/bowel disturbance 342 (33.0)

Values are presented as mean (range) or number (%) unless other-
wise indicated.
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whereas total resection was performed in 88.8% and 74.8% of 
cavernous malformations and ependymomas, respectively. How-
ever, only 10.7% of astrocytomas underwent total resection. 
Postoperative radiation therapy was performed in 130 cases 
(12.6%), including 13 cases (1.3%) with whole-spinal irradia-
tion. Chemotherapy was administered using temozolomide 
alone in 57 patients and temozolomide and bevacizumab in 24 
cases. Methotrexate, monoclonal antibodies, and other chemo-
therapeutic agents have been used to treat metastatic tumors, 
lymphomas, and embryonal and germ cell tumors.

4. Postoperative Course
Immediately postoperatively, 286 patients (27.7%) experienced 

symptom improvement, 333 (32.2%) remained stable, and 414 
(40.1%) experienced worsening of their symptoms (Table 5). 
On the modified McCormick scale, 153 (14.8%), 646 (62.5%), 
and 234 patients (22.7%) had improved, unchanged, and wors-
ened grades postoperatively (at discharge), respectively. In the 
same scale at 6 months postoperatively, 251 (27.6%), 500 (54.9%), 
and 160 patients (17.6%) had improved, unchanged, and wors-
ened grades, respectively.

Postoperative complications included cerebrospinal fluid (CSF) 
leakage in 28 patients, hematoma in 8, infection in 9, and pul-
monary embolism in 2. Sixty-nine patients experienced local 

Table 3. Histopathological types of the 1,033 intramedullary 
tumors in Japan, data arranged in decreasing order of frequency

Type No. of cases (%)

Ependymoma 361 (35.0)

Hemangioblastoma 196 (18.9)

Astrocytoma 168 (16.2)

Cavernous malformations 160 (15.4)

Subependymoma 22 (2.1)

Metastasis 21 (2.0)

Capillary hemangioma 16 (1.5)

Lymphoma 13 (1.3)

Schwannoma 12 (1.2)

Embryonal tumors (medulloblastoma, PNET, 
ATRT)

8 (0.8)

Solitary fibrous tumor 5 (0.5)

Germ Cell tumors (germinoma, mature  
teratoma, yolk sac tumor)

5 (0.5)

Gangliocytoma, Ganglioglioma 5 (0.5)

Neurenteric cyst 4 (0.4)

Rosette-forming glioneuronal tumor 3 (0.3)

Malignant peripheral nerve sheath tumor 2 (0.2)

Neurofibroma 1 (0.1)

Pineoblastoma 1 (0.1)

Paraganglioma 1 (0.1)

Glioependymal cyst 1 (0.1)

Meningioma 1 (0.1)

Granuloma 2 (0.2)

Sclerosing epithelioid fibrosarcoma 1 (0.1)

Dermoid cyst 1 (0.1)

Central neurocytoma 1 (0.1)

Undiagnosed 22 (2.1)

PNET, primitive neuroectodermal tumor; ATRT, atypical teratoid/
rhabdoid tumor.

Table 4. Surgical details and the results of the 1,033 intramed-
ullary tumor cases

Characteristic Value

Surgical approaches

   Posterior 1,023 (99.0)

   Anterior 10 (1.0)

Surgeons’ experience

   > 10 years 976 (94.5)

   < 10 years 57 (5.5)

Main operator

   Board-certified spine surgeons 912 (88.3)

Operation time (min) 399.9 ± 173.2

Blood loss (mL) 186.0 ± 247.0

Degrees of removal

   Total 672 (65.1)

   Subtotal 134 (13.0)

   Partial 146 (14.1)

   Biopsy 81 (7.8)

Total removals

   Ependymoma 270/361 (74.8)

   Hemangioblastoma 180/196 (91.8)

   Cavernous malformations 142/160 (88.8)

   Astrocytoma 18/168 (10.7)

   Others 54/126 (42.9)

Postoperative radiation

   Local 117 (11.3)

   Whole spine 13 (1.3)

Chemotherapy

   Temozolomide only 57 (5.5)

   Temozolomide and bevacizumab 24 (2.3)

Values are presented as number (%) or mean ± standard deviation.
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recurrence, which included 42 astrocytomas, 12 ependymomas,  
6 cavernous malformations, and 4 hemangioblastomas. Among 
them, 27 patients also had evidence of CSF dissemination at the 
time of recurrence, while 10 patients experienced only CSF dis-
semination. Of the 37 patients who experienced CSF dissemi-
nations, 29 and 5 patients were originally diagnosed as astrocy-
toma and ependymoma, respectively. The mean time interval 
before recurrence and/or dissemination postoperatively was 
23.8± 28.2 months. As treatment, 24 patients including 11 as-
trocytomas, 5 ependymomas, 4 cavernomas, and 2 hemangio-
blastomas underwent reoperations. Thirteen and 21 patients re-
ceived radiation therapy and chemotherapy, respectively. Among 
them, 27 and 5 patients were originally diagnosed as astrocyto-
ma and ependymoma, respectively.

5. Mortality and Risk Factors
From the 1,033 patients, we excluded 55 patients due to loss 

of follow-up. Among the 978 patients, 871 (89.1%), and 841 
(86.0%) survived longer than 5 and 10 years, respectively. Over-
all survival is depicted in the Kaplan-Meier curves (Fig. 1). Sur-
vival varied according to histological type, as illustrated in Fig. 
2. Five-year survival rates of patients with ependymomas, he-
mangioblastomas, astrocytomas, and cavernous malformations 
were 96.5%, 96.6%, 59.4%, and 99.1%, respectively. Patients with 
astrocytoma had worse survival than those in the other histo-
logical groups. The multivariable analyses indicated that lesser 
degrees of tumor removal, worse preoperative modified Mc-
Cormick scales, and histopathological types of the tumors were 
associated with mortality (Table 6). Younger age was also a risk 
factor, although the statistical significance was marginal.

Table 5. Postoperative course and the complications

Characteristic No. (%) 

Symptoms at discharge

   Improved 286 (27.7)

   Unchanged 333 (32.2)

   Worsened 414 (40.1)

Modified McCormick Scales at discharge  
   (comparison with the preoperative status)

   Improved 153 (14.8)

   Unchanged 646 (62.5)

   Worsened 234 (22.7)

Modified McCormick Scales 6 months after the operations  
   (comparison with the preoperative status)

   Improved 251 (27.6)

   Unchanged 500 (54.9)

   Worsened 160 (17.6)

Complications

   CSF leak 28 (2.7)

   Postoperative hematoma 8 (0.8)

   Infection 9 (0.9)

   DVT, pulmonary embolism 2 (0.2)

Relapse of the tumors

   Local recurrence 42 (4.1)

   CSF dissemination 10 (1.0)

   Local recurrence and CSF disseminations at  
   the same time

27 (2.6)

CSF, cerebrospinal fluid; DVT, deep venous thrombosis.

Fig. 1. Overall survival is demonstrated using Kaplan-Meier 
curves of those who underwent surgical interventions for in-
tramedullary tumors.
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Fig. 2. Overall survival is demonstrated using Kaplan-Meier 
curves for tumors with different histological diagnoses. Astro-
cytomas had worse survival than the other histological types.
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Table 6. Multiple logistic regression modeling with clinical 
factors indicating mortality (n = 978, 55 cases were lost of fol-
low up)

Variable
Multivariable analysis

OR 95% CI p-value

Age 0.99  0.97–0.99 0.046

Male sex† 1.29  0.75–2.22 0.36

Surgery

   Biopsy Reference

   Partial removal 0.64 0.32–1.28 0.21

   Subtotal removal 0.56  0.24–1.31 0.18

   Total removal 0.12 0.04–0.33 < 0.001

Modified McCormick Scales  
(III, IV, V)‡

4.82 2.62–8.88 < 0.001

Histopathology

   Ependymoma Reference

   Astrocytoma 6.20 2.53–15.20 < 0.001

   Cavernous malformations 0.30 0.04–2.44 0.26

   Hemangioblastoma 1.59 0.44–5.72 0.48

   Others 3.31 1.29–8.49 0.01

Locations 0.89 0.72–1.11 0.30

Hosmer and Lemeshow 
goodness of fit test 

0.146

OR, odds ratio; CI, confidence interval.
†OR was calculated with Female as reference. ‡OR was calculated with 
modified McCormick Scales I and II as reference.

Fig. 3. Time course of neurological function expressed using 
the modified McCormick scale. The proportions of patients 
with McCormick grades I and II decreased immediately post-
operatively (at discharge). However, the proportions increased 
at 6 months postoperatively. The surgical results were better 
than the preoperative status. The improved functional status 
was maintained thereafter.

At discharge	 6 Months	 12 Months	 24 Months	 60 Months	 120 Months

Preoperation Postoperation

100

80

60

40

20

0

(%)
Time course of the modified McCormick scales

V
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I

Table 7. Multiple logistic regression modeling with clinical fac-
tors indicating the better functional outcomes (n = 896 with 
6-month follow-up)

Variables
Multivariable analysis

OR  95% CI p-value

Age 0.98 0.97–0.99 0.046

Male sex† 1.02 0.73–1.44 0.90

Surgery

   Biopsy Reference

   Partial removal 1.04 0.47–2.31 0.92

   Subtotal removal 1.78 0.76–4.19 0.19

   Total removal 3.66 1.62–8.23 0.002

Modified McCormick  
Scales (I, II)‡

14.26 10.03–20.29 < 0.001

Histopathology

   Ependymoma Reference

   Astrocytoma 0.41 0.22–0.77 0.006

   Cavernous malformations 1.20 0.72–1.98 0.49

   Hemangioblastoma 0.60 0.35–1.05 0.08

   Others 0.60 0.35–1.05 0.08

Locations 0.91 0.79–1.05 0.21

Hosmer and Lemeshow  
goodness of fit test

0.469

OR, odds ratio; CI, confidence interval.
†OR was calculated with Female as reference. ‡OR was calculated with 
Modified McCormick scales III, IV, V as reference.

6. Functional Outcomes and Associated Factors
The patients’ grades on the McCormick scale preoperatively 

and postoperatively are depicted in Fig. 3. The proportion of 
patients with McCormick grades I and II decreased at discharge. 
However, this proportion increased again, indicating improve-
ment compared to the preoperative status 6 months postopera-
tively. Functional status further improved at 12 months and was 
maintained thereafter. Further analyses were performed on 896 
patients who were followed up for > 6 months or died 6 months 
postoperatively. Total tumor removal, better preoperative mod-
ified McCormick grades, and histopathologic type of the tumor 
were also associated with better functional outcomes at 6 months 
postoperatively (Table 7). Younger age is also associated with 
better functional outcomes. However, statistical significance 
was marginal.

DISCUSSION

In this study, where we successfully collected real clinical data 
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of 1,033 intramedullary tumor cases from 58 certified facilities 
authorized by the Neurospinal Society of Japan, the main oper-
ators were board-certified spine surgeons of the society in 88.3% 
of the cases.4,7 To the best of our knowledge, this is the first mul-
ticenter collaborative study on surgically treated intramedullary 
spinal cord tumors in Japanese neurosurgical centers authorized 
by the Neurospinal Society of Japan. Moreover, our report is 
one of the largest studies to present details of surgically treated 
intramedullary tumors, including 361 ependymomas, 196 he-
mangioblastomas, 168 astrocytic tumors, and 160 cavernous 
malformations.

The overall incidence of intramedullary spinal cord tumors 
was reported as 0.31 or 0.35 per 100,000 persons in the United 
States.1,2 If we apply this number to the Japanese population 
(125,000,000), we could expect approximately 340 new cases of 
intramedullary tumors annually in Japan. In fact, the Japanese 
Neurosurgical Registry has reported 266 surgical cases of intra-
medullary tumors annually, accounting for 27.3% and 1.29% of 
all spinal and intracranial tumors, respectively.3

Because of the rarity of these tumors, information regarding 
standard treatment protocols has been sparse.5 When relevant 
studies in the literature were reviewed, almost all the reports 
were retrospective in nature and were classified as providing 
low-quality evidence.7-9 Under these circumstances, we still be-
lieve that retrospective case reviews could play a meaningful 
role, especially since we included a large number of cases ex-
ceeding those of previous reports.

1. Long-term Results
In this study, the 5-year and 10-year survival rates were 89.1% 

and 86.0%, respectively. Furthermore, 71.5% and 69.4% of the 
patients had grade I or II on the modified McCormick scale 
and were functionally fully independent at 5 and 10 years post-
operatively, respectively. Our results were better than those of 
other reports.10,11 This could be because the majority of our cas-
es (75.1%) were low-grade lesions, including ependymomas, 
hemangioblastomas, cavernous malformations, subependymo-
mas, capillary hemangiomas, and schwannomas. Furthermore, 
the proportion of the astrocytoma was important, which was 
low at 16.2% in our study. Constantini et al.10 have reported the 
long-term clinical results of intramedullary tumors, especially 
in children and young adults. They had 164 intramedullary tu-
mors, of which 79.3% and 46.3% of the tumors were low-grade 
lesions and astrocytic tumors, respectively. In their study, 76.8% 
of patients underwent total tumor removal. The mean follow-
up time was 85.1 ± 4.4 months, with 5- and 10-year survival 

rates of 76% and 70%, respectively. As an example of an adult 
case series, Raco et al.11 have reported 202 patients whose mean 
age was 42.3 years old. In their follow-up, 61.8% of the patients 
had a stable or improved neurological status. The 5- and 10-year 
survival rates were 73% and 42%, respectively. They had astro-
cytomas in 42.6% of cases, which might have influenced the re-
sults and led to worse prognoses.

2. Preoperative Neurological Status
Among the various factors, we identified the preoperative 

modified McCormick scale, the degree of surgical resection of 
the tumor, and tumor histology as strong indicators of the func-
tional status at 6 months and mortality in the multivariable anal-
yses. The surgical results of intramedullary tumors have been 
published in the literature (Table 8). However, simply compar-
ing different studies would not be ideal because they included 
different types of tumors in various proportions. However, across 
all previous studies, the authors have agreed that preoperative 
neurological status was a strong predictor of postoperative mor-
bidity.9,11-18 Here, the preoperative McCormick grade had a sig-
nificant impact on both postoperative (6 months) functional 
status and mortality. When patients underwent surgical remov-
al of intramedullary tumors while they were functionally inde-
pendent, surgery was more likely to provide a better clinical 
course. These observations support early surgical interventions 
for intramedullary tumors.11,16,19 Early recognition of symptoms 
and prompt MRI evaluation are important for the proper man-
agement of intramedullary tumors.

3. Surgical Resections of the Intramedullary Tumors
The degree of surgical removal of intramedullary tumors also 

had a positive impact on clinical results. Following complete 
tumor resection, patients had better prognoses and functional 
outcomes in our analyses. Several other studies support the im-
portance of achieving higher degrees of removal of intramedul-
lary tumors (Table 8).11,12,15,16,18 These results are encouraging for 
neurosurgeons aiming for total resection as the primary goal of 
treatment for intramedullary tumors.

However, recognizing that complete resection is not always 
possible is important. Gross total resection was only possible in 
65.1% of the cases in our study. Our data clearly indicated that 
the proportion of total resection varied among different histo-
logical subtypes. In cases of hemangioblastomas, cavernous mal-
formations, and ependymomas, 91.8%, 88.8%, and 74.8% of the 
tumors, respectively, were completely removed. However, total 
resection could only be performed in 10.7% of the astrocyto-
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mas (Table 4). In ependymomas, cavernous malformations, and 
hemangioblastomas, we could expect dissecting margins be-
tween the lesions and the normal spinal cord, making radical 
resection a reasonable approach.20-23 Instead, astrocytomas tend 
to be more infiltrative, lacking a good plane of dissection.15,24 A 
recent study has indicated that surgical removal of intramedul-
lary astrocytomas could be associated with higher rates of neu-
rological complications.25

During each surgery, surgeons must decide whether to con-
tinue or stop resection. As neurosurgeons, we should know the 
microanatomy of the spinal cord and train in microsurgical tech-
niques so that we can remove tumors without damaging the spi-
nal cord function when there is a surgical dissection plane.26 If 
there is no plane, making the difficult decision to discontinue 
the surgical resection is crucial. Currently, spinal cord monitor-
ing is mandatory when performing intramedullary tumor sur-

Table 8. Previous studies demonstrating surgical results for the intramedullary tumors

Study Intramedullary  
tumor cases

Complete  
resection

Postoperative  
deterioration Prognostic factors

Cooper and Epstein,12 
1985

29 Cases
    -14 Ependymomas
    -11 Astrocytomas

72% 28% Satisfactory neurological status before surgery
Histological type
Complete removal

Cristante and  
Herrmann,17 1994

69 Cases
    -34 Ependymomas
    -28 Astrocytomas

55.1% 29.4%–31.5% Preoperative neurologic deficit

Constantini et al.,10 2000 164 Cases
    -19 Ependymomas
    -76 Astrocytomas

76.8% 23.% Histological type
Preoperative functions
Patients with shunts

Sandalcioglu et al.,13 
2005

78 Cases
    -32 Ependymomas
    -15 Astrocytomas

83.3% 34.6% Preoperative neurological condition
Histological differentiation

Raco et al.,11 2005 202 Cases
    -86 Astrocytomas
    -68 Ependymomas

57.8% 38.2% Functional status at surgery
Histological type
Extent of surgical removal

Woodworth et al.,14 
2007

78 Cases
    -27 Ependymomas
    -23 Astrocytomas

Not  
addressed

19.2% Serum glucose levels
Preoperative ambulatory status
Preoperative radiation therapy

Matsuyama et al.,15  
2009

106 Cases
    -46 Ependymomas
    -12 Astrocytomas
    -16 Hemangioblastomas
    -17 Cavernous malformations

56.0% 31.5% Good preoperative neurological status
Total resections

Klekamp,19 2013 250 Cases
    -99 Ependymomas
    -76 Astrocytomas
    -28 Hemangioblastomas
    -13 Cavernous malformations

61.2% 19.5% Surgical experience
Preoperative status
Thoracic tumors
Tumor hemorrhage
Recurrent tumors

Kumar and Banerjee,9 

2014
43 Cases
    -21 Ependymomas
    -12 Astrocytomas
    -5 Hemangioblastomas

69.8% 23.3% Preoperative neurological grade
Gross tumor resections
High histological grades

Boström et al.,16 2014 70 Cases
    -39 Ependymomas
    -11 Astrocytomas
    -5 Hemangioblastomas
    -3 Cavernous Malformations

64.3% 14.3% Degree of resection
Preoperative status

Hongo et al.,18 2019 49 Cases
    -32 Ependymomas
    -17 Astrocytomas

49.0% Not addressed Histological type
Gross total resection for ependymoma
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gery.27 The recordings of motor and sensory evoked potentials 
provide useful information regarding the functional integrity of 
the spinal cord tracts.28 Rijs et al.29 have recently performed a 
meta-analysis that included 1266 intramedullary spinal cord 
tumor patients who underwent surgery with intraoperative mon-
itoring. These included 727 ependymomas, 173 astrocytomas, 
129 hemangioblastomas, and 20 cavernous malformations. Al-
together, 855 (72%) and 242 patients (21%) underwent gross 
total and subtotal resection, respectively. According to the crite-
ria defined by the respective studies, the motor and sensory 
evoked potentials predicted the emergence of new postopera-
tive neurologic morbidities in 83.8% and 80.8% of the cases, re-
spectively.29 Nonetheless, judgments based on spinal cord mon-
itoring may have false-positives and false-negatives in predict-
ing postoperative neurological function.30,31 Especially, rates of 
the false-positives were reported as high as 50% and 59% in the 
2 recent studies from Japan analyzing intraoperative motor evoked 
potential recordings.30,31 Since the critical points in the neuro-
monitoring in predicting new postoperative deficits were dif-
ferent among studies and have not been established, neurosur-
geons should still take responsibility for deciding the degree of 
surgical resection in each case.

4. Surgical Morbidity
Early and radical surgical interventions are associated with 

better postoperative outcomes after intramedullary tumor sur-
gery. However, at the same time, our study indicated that surgical 
resection of intramedullary tumors can be challenging. Among the 
1,033 patients, 414 (40.1%) experienced worsening of symptoms 
immediately postoperatively. An analysis based on the modified 
McCormick scale indicated that 234 patients (22.7%) demon-
strated deterioration at discharge. Previous studies have reported 
consistent results for the risk of postoperative neurological dete-
rioration, ranging from 14.8% to 38.2% (Table 8).9,11-17,19

Over the last century, substantial advances have been made 
in microsurgical techniques, including operating microscopes 
and intraoperative spinal cord monitoring.30,32,33 These accom-
plishments have led to increased safety and effectiveness in in-
tramedullary tumor resection. Several studies have reported 
that surgical results have improved over time. Klekamp19 re-
viewed 278 intramedullary tumors operated on from 1990 to 
2012. They divided the study periods into 3 categories: prior to 
1990 (n = 67), from 1991 to 2000 (n = 92), and from 2001 to 
2012 (n= 87). In these periods, permanent morbidity occurred 
in 27.9%, 19.8%, and 11.9% of the patients, respectively. In a se-
ries of 164 intramedullary tumors over 15 years, Constantini et 

al.10 have reported a surgical morbidity rate of 23.8%. However, 
in the latter half of the study period, the incidence of deteriora-
tion by more than one grade on the modified McCormick scale 
was 5.6%.

Importantly, our data indicate that we could expect gradual 
recovery and improvement of functional outcomes, despite de-
terioration immediately postoperatively. These findings are en-
couraging for surgeons and patients. Although 22.7% of the pa-
tients had worse grades immediately postoperatively, this rate 
improved to 17.6% at 6 months postoperatively. Klekamp19 have 
reported worsening of neurological status in 61.5% of patients 
postoperatively. However, the deficits were transient in 41.5% 
of the patients. The permanent surgical morbidity rate was 19.5%. 
Cristante and Herrmann17 also presented detailed information 
on postoperative neurological deterioration and delayed recov-
ery in 86 cases of intramedullary tumors, including 34 ependy-
momas and 28 astrocytomas. Overall, postoperative functional 
deterioration of the upper and lower extremities was observed 
in 65.4% and 55.1% of patients, respectively. After a mean fol-
low-up period of 54 months, significant neurological improve-
ments were evident, while 31.5% and 29.4% of the patients con-
tinued to have worse upper and lower extremity function, re-
spectively, compared to the preoperative status. Although neu-
rological recovery could be expected over time postoperatively, 
intramedullary tumor resection poses a potential risk of dam-
aging the neural circuits. The risk of surgery and the expected 
time course of neurological recovery presented in this study con-
stitute important information for both surgeons and patients.

5. Limitations
This study had some limitations. First, this study was retro-

spective in nature, and only surgically treated cases were sam-
pled. Therefore, we were unable to include all intramedullary 
spinal cord tumors treated in Japan. In particular, we could not 
assess the clinical course of tumors that were treated conserva-
tively. Second, a discussion on the individual histological types 
of tumors was beyond the scope of this study. For example, we 
were unable to discuss the roles of adjuvant radiation therapy 
and chemotherapy in the functional outcomes and survival of 
malignant astrocytic tumors. Last, our study included 22 cases 
of intramedullary subependymomas, and we were unable to 
analyze the clinical characteristics of these intramedullary tu-
mors separately. Consequently, each histological tumor sub-
type, including these rare lesions, will be further investigated 
and reported in different studies.
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CONCLUSION

These are the first results of a multicenter collaborative study 
on surgically treated intramedullary spinal cord tumors autho-
rized by the Neurospinal Society of Japan. The degree of resec-
tion and postoperative functional outcomes were closely related 
to the histology of intramedullary tumors. Early surgical inter-
ventions aimed at higher degrees of tumor resection, while the 
patients were functionally independent, were considered a rea-
sonable approach. Simultaneously, the risks associated with in-
tramedullary surgery should be reaffirmed.
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